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ABSTRACT

This paper proposes a web-based Agro-Information
System (AIS) prototype that can support farmers with
agricultural-related information about a given food crop.
Consistency in the application of this information can help
in improving crop yield, in controlling crop pests, in crop
diseases treatment, and in enhancing the overall crop
productivity. A prototype AIS capable of providing
possible pest control, and suggesting disease treatment for
the associated pathogens, has been developed and
implemented using Open-source technologies.
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1. INTRODUCTION

Information is indispensable in the socio-economic and
agricultural sectors of both developing and developed
countries. Agro-Information System (AIS) can be used to
provide information of major pests and diseases for crops
and advice on crop protection. The public, government and
agricultural  decision-makers can obtain  essential
information and services provided by the AIS for use in
areas such as agricultural disaster assessment, national
vegetation monitoring, national crop yield forecasts and
agro-advisories. To enhance agricultural productivity
among rural farmers, it is often necessary to increase
farmer’s access to agricultural information and effective
utilization of this information. The information provided
must be in user-friendly form, easy to access, cost-
effective and well protected from unauthorized accesses

(1.

2. LITERATURE REVIEW

It has been noted that highly developed software
programming skills and technical expertise are critical for
deploying ICTs [2].

A generic AIS architecture should have a number of design
criteria such as security, multi-user, accessibility, and
accuracy [3].

The delivery of agriculture-related services via ICT
requires access to personal computers and the internet [4].
An AIS consists of components (subsystems), information
related processes (generation, transformation, storage,
retrieval, integration, diffusion and utilization), system
mechanisms (interfaces and networks) and system
operations (control and management) [5]. Information
Systems deal with the deployment of information
technology in organizations, institutions, and society at
large [6]. A review of various models of information
system processes such as development and transfer showed
that information does not simply flow, but is continually
being transformed and adapted through communication

[71.

Agricultural knowledge and information system for
farmers can justify the need for farmers to understand the
technological principles of integrated pest management

8.

3. THE WEB-BASED AGRO-
INFORMATION SYSTEM DESIGN
PROTOTYPE

The AIS prototype is composed of four essential integrated
system components. The components are:

a.  user accounts management system;
b. user login and authentication system;
c. AlIS database framework; and

d. SMS server platform.

The key components of the AIS prototype are shown in
Figure 1.
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Figure 1: The conceptual layout of the Agro-Information System prototype

4. DESIGN REQUIREMENTS

The AIS meets the following design criteria and

considerations:

1.

Secured multi-user access: The users’
accounts are protected using a
password  encryption  technology.
Simultaneous access through web and
compatible mobile phone platforms is
supported by the AlS.

Secured database: The AIS database
can only be modified and updated
through the administrator’s account.

Software reusability, adaptability and
licensing: The AIS is released under
the Opensource GNU Public License
(GPL), hence the software can be
extended and improved by other

programming experts around the world
without any copyright infringements or
proprietary software issues.

Availability and accessibility: The AIS
was developed using an internet
platform which comprises of a web
programming package which consists
of Apache web server, PHP, and
MySQL database. Information can be
sent to rural farmers by the
administrator through the integrated

Short Messaging Service (SMS)
platform in the AIS website.
Integrity and  verifiability: ~ The

information contained in the AIS can
be corrected, checked, verified or
updated by the Administrator if need
be.
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5. THE AIS DATABASE RAMEWORK Table 1. A Sample Food Crop Template
The AIS database framework shows the data structure
functionality of the system. There are four databases which
contain different records in tables for any selected crop.
Each selected crop has unique records that contain its own
specific crop information. The AIS database framework is
shown in Figure 2.

Plant Name:
Plant Group:
Botanical Name:

Time of Sowing:

Mid-season:
The Contents Database contain the following records in its Time of Harvesting:
table structure: Crop Name, Crop ID, Botanical Name,
Variety, Time of Sowing, Planting Mid-season, Time of Soil Type:
Harvesting, Soil Type, Fertilizer Type, Quantity of Optimum Temperature:
Fert_lllzer (kg/halyr), Rainfall R(gquwement_ (mm), _ Fertilizer Type:
Optimum Temperature Range ("C), Sunshine Requirement.
The Pests Control Database contains the following records Crop Usage:
in its table structure: Pests, Control. Importance:

The Diseases Control Database contains the following

>ed 0 Major Pests:
records in its table structure: Diseases, Treatment.

Nematodes —
The Pathogen Database contains the following records in Insects —
its table structure: Pathogen, Associated Disease Caused.
A samp_le _database _ template for specific food crop Pests: Control:
information is shown in Table 1. Diseases: Treatment:
Pathogen: Diseases caused:

Crop Selection ]

Clrofp Warieties >—[ Warieties Selection ]

Crop Fecords

Contents
Datalbase

[ FPests ][ TCrseases ]

[ Control ] [ Treatrment ]
I.J/C"jrclp FMame, Crop I, ‘\\_I [ Pathogoen ]

Botaruical MM arne, WFariets,

Tirne of Sowing, Plantings Ay ssociated
Inlid-seasorn. Tiune aof Crii=sease
Harwvesting, Soill Twpe, Craused

Fertili=zer Tswpe. CJuarnbitss
of Fertilimer (logdfhasd=mr,
Fainfall Feguirerment
Crrirri), Clphirriiarsn
Termperature Fanoe (0

Qulshitle Feguirermnient. —/

Figure 2: The Agro-Information System Database Framework
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6. THE AGRO-INFORMATION
SYSTEM PROTOTYPE
IMPLEMENTATION

The AIS prototype was developed on a microcomputer
running Apache (version 2.4.7) web server. The dynamic
data-driven webpages of the AIS were programmed using
Improved MySQL (version 5.6.15) which is a widely used
Open-source Relational Database Management System
(RDMS), and PHP Hypertext Preprocessor (PHP) which is
a server-side general purpose scripting language that is
widely used for web development. MySQL was used for
creating the Structured Query Language (SQL) databases.
A combination of Hypertext Markup Language (HTML)
tags, Cascading Style Sheets (CSS), and JavaScript client-
side scripting language, were also used in creating the
webpages of the AIS website. Notepad++ version 6.5.1
(2013) software was used as the text editor for writing the
program codes for the AIS website.

The passwords of the Users’ Accounts were encrypted
using the 60-character hash string encryption system of the
PHP 5.5's password_hash() function so as to protect the
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accounts from unauthorized accesses. For instance, the
PHP password_hash() function encrypted the password of
a farmer who registered with the password, “u2s2e2r” as
“$2y$10$ZnkyPqQVaLmFv5YQ8ubrK.JOVQAczFoQwp
TDR7vJg10D0JO/6NCea”.

The Administrator’s Account was equipped with a Create-
Read-Update-Delete  (CRUD) technology for the
management of both the User Accounts and the AIS
databases.

The SMS server platform was implemented using the
Ozeki SMS-Gateway (www.ozeki.hu).

7. TESTING OF THE AIS WEBSITE

A sample run of the prototype AIS on a website that was
locally hosted on a personal computer, using an Apache
web server and viewed with a Flock version 2.6.1 web
browser is shown in Figure 3. Figure 4 and Figure 5 shows
a sample test run of Rice and Cassava food crops
respectively. The information of both crops has been
designed for the country, Nigeria, as an example.

File Edit View History Favorites Tools Help

w: @ @ @J |j httpi//localhost/projects/AIS 2015/ v% 3 \
ﬁ|1 @ﬁﬂ * T ﬂ‘ /4 A E Zymic Hosting Cantr.. \j ehgromet Knowledge.., e Agrometeorology Inf.. e Real-Time Images — ..

[@mage—t0ME. | nited | Wntted | Wekometohs. | | e e |48 Pagelosdbror | Agrodtorm... x |4 -

»

Agro-Information System

Today is August 14, 2015 © Qkpara Okechukwu D.
Phone: +234 806 013 2682

WELCOMETO
THE PROTOTYPE AGRO-INFORMATION SYSTEM

FOR

This is a test Agricultural Information System website, developed by Olkpara Okechukwu D.

Done

PESTS CONTROL AND DISEASES MANAGMENT OF FOOD CROPS

The website was designed specifically to provide farmers with relevant agricultural information for their food crops productivity.

MEMBERS TocIN B

Register here to login

Enter Your Password: X1

-/ o

m

« Administrator Loginh »

~|Contact Us |-

Figure 3: The Prototype Agro-Information System Website Home Page
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Food Crops Database

Search Food Crops

Select Plant: Rice v

Done

Plant Name: Rice
Plant Group: Cereals and Grains
Botanical Name: Oriza sativa

Time of Sowing:
main, north region(Jun-Jul); main, south region(Aug-Oct)
second, north region (Nov-Feb); second, south region (Nov-Dec)

Mid-season:
main, north region(Aug-Oct); main, south region(Jun-Jul)
second, north region (Mar-Apr); second, south region (Jan-Feb)

Time of Harvesting:
main, north region(Nov-Dec); main, south region(Aug-Oct)
second, north region (May-Jun); second, south region (Mar-Apr)

Soil Type:
Optimum Temperature:
Fertilizer Type:

Usage:
Importance:

Major Pests:

Nematodes - Aphelenchoides besseyi, A. oryzae, Hirschmaniella spp, Meloidogyne

Insects - Stem borers - Scirpophaga incertulas (yellow paddy), . innotata (white paddy), Chilo suppressalis (striped rice),
C. polychrysus (dark-headed), Sesamia inferens (purple stalk), Lucusta mogratoria migratoriodes (African migratory locus),
maliarpha separatella (Oryza sativa & O. globerrima white stem borer), Diopsis spp. (Stalk-eyed fly),

Orseolia oryzae (African rice gall midge)

Storage insects - Sitophillus oryzae (Rice weevil)

Pest:

African migratory locust Control:

Reqular site surveys,

Eqg laying sites & sites of a possible outbreak should be identified, observed closely.
Ega masses can be dug up and exposed to the sun.

Treatment:

et e ol vl e oy o o) AR
L&MIoua = Cynaiduiiin Sprayed au tng 1irst appearance or g pest,

White stem barer Control:

Use early maturing varieties and plant early in the season so that plants mature before pest attack.
Remove weeds which provide alternative hosts,

Timely fertilizer applications in the growing period to discourage over-rapid plant development.
Destroy stubble after harvest by burning or flooding the field;

this will destroy the diapausing stages of the pest thus reducing infestation in subsequent season. Avoid buying and selling seedlings for transplanting;
as these will often carry potential infestations that are not apparent at the time of sale.

Do not plant in stages (stagger), as this provides unlimited food supplies for the pest population.
At harvest, do not leave tall stems in the field, particularly in early maturing varieties.

Cut the stack down to the base to destroy larvae and pupae in the stems.

Synchronize planting over a large area to diffuse incidence of damage and severity.

Host plant resistance, Use varieties that are resistant to or tolerant of stem borer attack.
Treatment:

The economic threshold is 2 egg mass per 20 hulls from seedling to panicle initiation,

or 2 eqg mass per 20 hulls after panicle initiation to ripening.

Chemical control is hard; the pest is protected inside the stem from contact with the insecticide.
Systemic insecticides are necessary, but are costly,

Foliar application of insecticide may kill the pest,

but will also reduce population of natural enemies, and possibly pest resurgence.

Application of granola formulation can be made necessary.

Recommended chemicals include monocrotophos, chropyrifo and carbofuran.

Stalk-eyed fly Treatment:
The economic importance of the pest is not clear;
the application of pesticide may be justifiable only in severe cases

African rice gall midge Control:

Avoid damage by planting rice as early as possible before the rains;

the crop will then be mature and unsuitable as host when the pest is present.

Remove alternative host plants around the crop to prevent the initial increase in pest population.
Treatment:

Systemic insecticides, such as monocrotophos and carbofuran are effective against this pest.

Pathogen: | Disease Caused:
Pyricularia oryzae | Blasts
Cochliobolus miyabeanus | Brown spot
Bipolaris oryzae | Brown spot
Xanthomonas campestris | Leaf blight
Cercospora oryzae | Narrow leaf spot

Figure 4: A Sample Crop Information of Rice as contained in the AIS database

m
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Go Back
Plant Name: Cassava
Plant Group: Tubers
Botanical Name: Manihot spp
Time of Sowing:
north region(Jun-Sep); south region(Mar-Oct)
Time of Harvesting:
north (12-18 months after planting)
Rice 7 south (12-18 months after planting)
Cowpea Soil Type:
Maize/Com Optimum Temperature:
(Cassava Fertilizer Type:
Yam
Banana/Plantain |- ey ;
Sorghum = Importance:
Millet Major Pests:
Soyabean Nematodes(eelworms) - Meloidogyne spp, Pratylenchus brachyurus, Rotilenchulus renifornis
i
Insects - Cassava green spider mite monoychellus tanajoa Aeuia: L Tetrnychidae, Zonocerus variagatus (Elegant grasshopper),
Cocoa
; Zonocerus variegates (Cassava variegated leaf hopper), Phenacocus manohoti(Cassava mealy bug),
Pigeon P
B'geon dea Benisia tubaci genn homoptera: Aleyrodidae(Whitefly)
enisee!
Sunflower Pest:
Sugar Beet Cassava variegated leaf hopper
Control:
Sugarcane Eggs pods should be dug up to expose the eggs and allow them to dry out and die.
F d ‘Amargnthus ab ase This must be done over large area to be effective.
oo Plantain Flooding of eqg sites will also kill the eqgs.
Guava Migration of the grasshoppers into the crop can be prevented by planting physical barriers,
Manao such as trees around the field,
Search Foo( C ﬁ 4 The borders of the field should be cleared of weeds; especially chromolaena spp.
asnew Locally prepared neem products are effective when applied in the dry season,

Treatment:

Insecticides such as dimethoate and fenitrothio can be used on young nymphs in November/December.

Baits of bran (wheat or other cereals) mixed with mude (e.g pupoxur dust),
can be led between the rows to attract the nymphs,

Cassava mealy bug

Control:

Cassava plants over 7 months old are more tolerant to damage.

Planting at the beginning of the rainy season will allow plants time to grow up and withstand attack.
Fertilizer should be applied at the recommended rates to encourage healthy plant growth.
Cuttings should be dipped for 10 minutes in hot water (25 deg. C) before planting,

to kill any infestation.

Biological control with an introduced parasite Epidinocarsos lopezi (De santis).

The parasites are available at the International Institute for Tropical Agriculture (IITA) Ibadan,
Local natural enemies, such as the coccinellid Hyperaspis can biologically control mealy bug.
Treatment:

Before planting, cuttings can be dipped in dimethoate or methidathrion solution for 1 minute,
to kill any larvae which may be present.

Pathogen: | Disease Caused:

Bemisia tabaci (White fly) | (African cassava mosaic virus)
Fusarium solani, Penicillin oxalicum,

Geatrichum candida, Cortichum rolfsii | (Post-harvest rot)
Xanthomona campestris pv. Manihoti | (Cassava bacterial blight)
Glomerella manitholits | (Anthracnose)

Cercosphora henningsi | (Brown leaf spot)

Phytophora spp., Phytium spp., Fusarium spp. | (Soft root rot)

Done

Figure 5: A Sample Crop Information of Cassava as contained in the AIS database

8. CONCLUSION

This study provided the basis for a prototype AIS
development through which farmers can access crop pests
control measures and crop diseases treatment information
using Open-source web platform with SMS server
integration. AIS can be used in generating and
disseminating crop information. The web-based AIS
software was released under the GNU Public License
(GPL) which makes it complete Open-source software.

Agricultural consultants and government policy and
decision-makers can use AlS services in ensuring adequate
food supplies, food security, and sufficient farm income
for the farmers. Farmers can also access or obtain both pest
control and crop diseases information from the AIS; this
can help them in protecting their food crops from crop
pests and crop diseases effectively.

The information provided by the AIS was made available
to rural farmers using SMS text messages.
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The information contained in the AIS can also be made
accessible to rural farmers through other channels of
communication such as radio, television, agricultural
advisory bulletins and other suitable media.

The Agro-Information System proposed in this paper could
be further developed by incorporating an embedded
system, for instance, an agricultural expert system, which
can analysis and automate the information-delivery
processes between the information system databases on the
website and the SMS server platform without any manual
involvement by the administrator.
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